Introduction
It has been realized and well documented that the "gathering storm" has come 1 and in order to weather it and in order to re-establish the manufacturing and technology base of the United States, we need "One Million Additional STEM College Graduates" over the next decade 2 . Currently, we graduate about 300,000 STEM discipline graduates per year 2 . We will need to graduate an extra 100,000 STEM students in each of the next ten years to meet the projected need 2 . In this paper, our partnership describes a number of Best Practices that we have adopted with excellent results to date. The context of our presentation is the interface between the high school and the two-year college. We must provide cleanly articulated pathways from high school Page 26.131.4
to two-year to four-year institutions in the traditional 2 + 2 format for Bachelor's Degree students. Simultaneously, we must provide successful pathways for students that exit the pipeline for employment after their two-year AAS degree. Strategies need to be in place to help them succeed in the two-year workforce college experience. The use of co-op experiences and handson lab education to provide the engagement that they require is critical. Therefore, the interface between the high school and the two-year college becomes a critical zone where Best Practices must be discovered, invented and disseminated for national implementation in order to meet the challenge posed by the aforementioned requirement of one million additional graduates 3, 4, 5 . As discussed by the President's Council of Advisors on Science and Technology (PCAST) in their 2012 report 2 , the fastest way to generate graduates and attain our goal is through different methods of teaching, supporting and retaining students. Finding ways to engage them and help them to persist is critical to attainment of our goal 6 . In the following discussion, our partnership offers a number of Best Practices that help to generate and maintain students early in the pipeline, engage institutions to common purposes for the good of the students, create clear articulated pathways in order to build the trust of students and parents, and work with industrial stakeholders as they are realizing that they can no longer take a passive role simply waiting for students to exit the pipeline.
Beginning To Build The STEM Pipeline
Increasing the number of students in the STEM pipeline really means increasing the number of students entering the pipeline and retaining those that have entered. Traditional thinking has been to encourage students that are good in Math to give STEM fields a try. During the trial period, students are weeded out. Those that "can't make it" in fields like engineering are encouraged to seek other fields of study like Business or Accounting. Our approach has been to challenge all parts of this stereotypic process. In order to facilitate our planning and to have a clear vision of all of the inputs, outputs and feedback loops in our specific pipeline, a pipeline graphic was constructed and serves as the model for our partnership as well as this paper (see Figure 1 ). The graphic allows one to see the components of the effort. In the case of the high school/two-year college interface, one sees that curricular alignment is a key with clear articulation. The college inputs Technical Dual Credit classes into the high school to make sure that the curriculum alignment loop is closed successfully. As shown on the chart, trusted articulation pathways must be aligned in terms of curriculum between the two-year and four-year institutions. Importantly, industry's needs in terms of workers output from the pipeline must be accounted for through engagement in many ways with all three institutional levels. Finally, the financial implications of pathway choice for the student must be clearly conveyed to the student and parents. As the risk of pursuing a pathway through the two-year institution is lowered through clean articulation and barrier removal, the student can take advantage of the cost structure difference. In the case of our partnership, the cost of one course at the four-year university (~ $2,165) is roughly equivalent to the tuition cost of two entire years (~20 courses at $2340) at the two-year college. This fact alone can determine whether a student can attend college, must work during college, and/or exit a bachelor's program with a reasonable debt load. As we are in need of more graduates exiting the pipeline, we must consider how to increase the pipeline's diameter. In particular, if we are to truly increase the diameter of the STEM pipeline, we must reach out to and successfully engage two specific populations: females and non-top 15% students. Through the unique structure of the relationship between two-year institutions and independent school districts (ISDs), the two-year institution is in a unique position to contribute to the successful engagement of these two critical populations. The engagement of the latter population can be accomplished through encouragement to "try STEM fields and college," hands-on outreach programs and Technical Dual Credit (TDC) while in high school. In the case of the former population, our robotics camp research shows that boys need "confirmation" to continue strongly in engineering, whereas girls need "confirmation" after "affirmation" and "visualization." Based on the above finding, we believe that the approaches to encourage middle school boys to proceed towards STEM careers and the approaches to encourage middle school girls to proceed towards STEM careers must have some similar elements and yet be necessarily different.
A study that shows the difference between boys and girls was done very early in our collaborative project. Collin College asked questions of Allen ISD students that were judged to be "good" in 7 th and 8 th grade math by test scores and teachers. The simple study was completed using responses from 38 boys and 36 girls. The boys thought they were "good enough" to be in engineering. The girls thought that they "needed improvement" to be in engineering. These "thoughts" ran counter to the actual test scores. The girls' test scores were actually on average 7% better than the boys' test scores with a similar test score range between the populations. While this finding is not unique, it does show that when boys attend an outreach event, they are looking for "confirmation" that they can perform the task at hand. As we have confirmed as a Best Practice through our robotics camps, outreach to girls must have additional components that address the need for "affirmation" and "visualization." We have found that having female engineers from industry speak to the girls and "mentor" them during the camp experience creates a much richer and more successful camp experience for them.
Best Practice outreach to increase the number of female students in the pipeline, based on the perceptions described above, can take many forms. One of the most successful forums that we found is the "Girls Night Out with Female Engineers." This concept was started in partnership with Allen High School. The ISD identified the top 150 math scoring 8 th grade female students in their middle school pipeline. These girls and their parents were invited to the high school one evening to participate in a special event featuring eight female engineers from local industry. These ladies each had unique journeys to share and stories to tell regarding their educational experience and how their corporate careers unfolded. The engineers were from local Fortune 500 companies such as Cisco, Raytheon, and Texas Instruments. Each was given seven minutes to describe to the girls their unique journey. Then, the floor was opened for questions. The girls particularly liked the questions session. Questions ranged from how to work with male engineers to how to network with women. In addition, the girls got confirmation that, based on the experience of the engineers participating, one could have a good engineering job and raise a family. Unfortunately, many of the parents had not supported this view of engineering careers being flexible. This forum proved to be a watershed moment for many of the parents as one of them confessed that before the event she was very proud of her daughter's math scores and was feeling that her daughter would therefore make a great accountant. After the discussion Page 26.131.7
("affirmation") and the panel presentation ("visualization"), the participating girls knew that there were STEM careers open to them and that those STEM careers would not by definition preclude other goals that they may have in life.
While the selection of these top math students may skew the data towards the "positive" in terms of math, science and personally knowing an engineer, the data are nonetheless encouraging. As shown in Figure 2 , while some of the students don't like math, they understand that they are good at it and want to take higher level math. Given the hands-on nature of middle school science, we see that the girls report liking science and being good at it. While there is a fall-off in interest in engineering, the numbers are still encouraging, in particular, in terms of those wanting to take a college class in engineering at the high school level. Finally, 100% found the discussion interesting and 96% said that the presentation made them want to be an engineer. Before the event, less than half (48%) of the girls knew a female engineer (note that this is a high number in comparison to the general public which may be correlated in some way to the math scores achieved by the participants). After the event, all of the girls had affirmed that they could be an engineer and had visualized eight very successful women in engineering. Figure 3 , the number of students engaged by the Collin College's Engineering Department over the past four years has grown from 36 students in the 2010/2011 school year to 219 students for the 2013/2014 school year. This growth can be attributed to several Best Practices. Students electing in their junior or senior year to take a Technical Dual Credit class, are choosing to start college early. It is a unique student who is not only ready for this challenge, but is also interested in the areas of Engineering and Technology. A 2011 study of dual credit students across our state found that 56% of students are female and 44% are male 7 . The students surveyed participated in various types of dual credit, with only 10-11% in Career or Technical Dual Credit 7 . The data obtained from the Technical Dual Credit students at Collin College over the last four academic years shows that the majority of the participants are male (85%). The data from Collin College also shows that of all the students who participated in a Technical Dual Credit class, 56% of those students took only Technical Dual Credit classes and did not take academic dual credit courses. This finding is critical to Best Practice recruiting. Further, it suggests that when high school students are offered the opportunity to take a college level course outside of the traditional academic dual credit offerings, in areas such as Engineering and Technology, students who might not have previously chosen to take a college class for dual credit are choosing to take a Technical Dual Credit course. More specifically, the data shows that 59% of the male students and 37% of the female students that enrolled in a Technical Dual Credit course chose only to take Technical Dual Credit course(s) during high school. These findings significantly show that by offering Technical Dual Credit courses a population outside of the traditional dual credit constituency is impacted. As these students represent a new collegiate STEM pipeline population, Best Practice recruiting must be engaged to find and cultivate these students that are outside of the traditional academic dual credit constituency.
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Students benefit greatly from taking dual credit courses while in high school 8 . A student can experience the rigor of a college course while still in high school and high schools are able to offer a variety of courses that previously were unavailable to their students. By offering Technical Dual Credit courses at area high schools, students become aware of concepts and careers within the area of engineering and technology that they may not have been aware of without the coursework. By taking these courses, students are exposed to content, rigor and opportunities that are not necessarily available in high schools. As Figures 4 through 6 show from a study of our Technical Dual Credit students, there can be very positive impacts from Technical Dual Credit coursework in terms of filling the STEM pipeline. A direct pathway is created from the high school to the community college and on to the four year institution by offering Technical Dual Credit courses in local school districts. The school districts that Collin College has partnered with to offer Technical Dual Credit have started developing high school curriculum in grades 9 and 10 to take the pathway all the way through the high school experience directly into an associate's degree program. Figure 7 shows the complete high school pathway created by Wylie ISD, a partner ISD of Collin College. In addition, Wylie ISD has used Technical Dual Credit with Collin College as the catalyst to develop an engineering specific curriculum that starts in the freshman year of high school. As a Best Practice, in order to create this engineering curriculum, the school district partnered with Collin College, UT Dallas and area business leaders to develop relevant content for grades 9 and 10 to support students who are pursuing a pathway into an engineering or technology degree. These classes did not exist within this school district prior to Collin College partnering with them to offer Technical Dual Credit. Further, in order to create a seamless communication path for students and stakeholders in the high school, we have determined that a Best Practice is to hire acceptably credentialed high school teachers as adjunct faculty and have them teach at least one course. This practice provides about ~$3800 per course (i.e. effectively "coach's extra pay"). Lastly, Technical Dual Credit courses from the AAS degree programs allow students to achieve meaningful industry professional certifications (e.g. A+, Network+, Security +, Cisco CCNA) which is a major metric for CTE educational programs.
Outreach To Pre-College STEM Students
It has been well established in STEM education literature and confirmed in our geographic area that STEM outreach is best facilitated by the establishment of targeted STEM curriculum for precollege students and, specifically, through the use of robotics as a way of engaging students in engineering and computer science. The department's Robotics Camp that engages students who are considering entering the STEM pipeline has a number of Best Practices. These targeted curriculum camps focus on robotics and programming fundamentals as a way to "hook" as many students considering STEM educational pathways as possible. In order to establish a formidable robotics presence that could facilitate robotics competition support, robotics camps, and represent Collin College at robotics competitions (e.g. the American Society of Engineering Educators (ASEE) Annual Robotics Competition), it was decided that Collin College needed to facilitate a student organization, the "Collin Robotics Club," to function as an Engineering Department STEM Outreach Emissary. The concept of total immersion of a student organization into all facets of the outreach effort has had challenges. Finding the right students and playing off each student's strengths, while realizing that once a student is identified he or she will only be with the program for a year or two, is a substantial challenge that requires unique and specific Best Practices by an institution. Three Best Practices that we have established and believe are critical to the continuity of the student based effort involve: 1/ the development of a constant Robotics Club recruiting plan that targets freshman level entry courses (i.e. Calculus 1 and 2, University Physics 1, and Introduction to Engineering) 2/ rewarding the strongest participating outreach students with the ability to be on the travelling team that attends the annual ASEE Robotics Competition 3/ using paid part-time student assistants to manage the logistics of running the club.
An additional Best Practice revolves around the specific support of high school robotics competitions (e.g. FIRST and BEST). It is a critical function of the Robotics Club and is used to promote Collin College Engineering Department in a variety of ways (e.g. by encouraging high school students to consider taking Technical Dual Credit coursework, by encouraging local corporate in-kind support of Collin College functions). At these competitions, Collin Robotics Club advisors, as well as the students, perform duties as runners, judges, advisors and mentors to potential STEM pathway students participating in the various competitions throughout our geographic service area.
The Collin College Robotics Camp Model
A formidable Best Practice that has been developed by the Engineering Department is the Collin College Robotics Camp Model. It has been designed to support 30 -40 students per camp from the local area. In the three day event, the students learn about robotic electrical functions, mechanical functions, sensor functions and LabView programming. While the curriculum design changes for each camp, the format of the camp does not change. During the camp, STEM middle/high school students, Collin Robotics Club members and professors are engaged in fruitful learning. Camp participants pay only $79 for 3 days of camp participation (compared to the going rate of $429 for 4 days in our service area). On the last day of each camp, parents are invited to see what the students have completed in terms of robotics. We consider this lunch to be a Best Practice. After a provided lunch, the parents and students participate in a discussion of STEM pathways at Collin College which can result in clear articulated pathways to UT Dallas partner. This model has never failed (through numerous camps) to be heralded by parents as a great use of time that fosters discussions with their camper that may not have occurred otherwise. We find that parents of 7 th to 9 th grade campers are just coming to terms with the notion of college, from expenses to what major that their student wants to pursue. As parents, they are grappling with whether they think the major is appropriate. We try to indicate to them that this is not their decision. At this point in their student's life experience, their role is to help facilitate the student's choices. The parents have indicated that this discussion allows them to consider many Page 26.131.13
things including college expense for the two pathways: two-year institution then four-year institution versus four-year institution, college major including the many interdisciplinary areas for robotics, the concept of girls in STEM education, and the appropriateness of two-year terminal degrees for math challenged students. We indicate that these math challenged students can still be in engineering starting as engineering technicians. Parental engagement and support of students wanting to pursue STEM is critical. In particular, we find that parents of girls, as well as the girls themselves, need to be able to "visualize" (i.e. see themselves in an engineering role). During the discussion, the cost of exact transferable coursework is discussed. Everyone weighs the financial benefit of taking a single course at our four year university partner for the in-state cost of $2,165 versus taking an entire 30 credit year for $1,170 at Collin College (see Figure 1) . The lunch discussion is meant to be as "intrusive" as possible without crossing the line.
The Collin College "All Girls Mentoring" Robotics Camp Model
After interviewing many girls that have attended our robotics camps and after speaking with numerous practicing female engineers, we have recognized the critical need for girls not only to "confirm," but "affirm" and "visualize" themselves in the engineering pathway. Our Best Practice conclusion is that girls can get all three needs fulfilled at an "All Girls Mentoring" Robotics Camp. Therefore, we have developed this second camp model which has been piloted twice and has proven to be a tremendous success. By model, the camp is restricted to girls. Playing off our successful mixed gender camp model, it runs for the same three days with the parental lunch and STEM college discussion. While robotics is still the vehicle to confirm to the campers that they can be successful in a STEM field, the videos shown at the camp are changed to be more "helpful to society" 8 and female engineers from local industry speak to the girls as the camp opens each day and at lunch time. Therefore, the girls are exposed to six professional engineers that affirm for them through the stories of their personal journeys to becoming an engineer that each of the campers can do it as well. Additionally, through the talk that each engineer gives and, then, the mentoring that each offers during the balance of the day with the robotics effort, each camper is able to visualize themselves in the role of an engineer. At the end of the camp, each of the speaking engineer's personal contact information is given to each camper for further communication if she or her family wishes to contact the practicing engineer. After the first camp, we had a number of campers reach out to one of the speakers to help them work through the discussion of majoring in engineering with hesitant family members. It is our belief that this desire for follow-up only further confirms the value of the model and approach. From the data in Figure 8 , one can see the enthusiasm generated by the camp model. A full 90% of the campers showed an interest in attending Collin College. A complete 100% found the speakers of value and every camper reported learning from the speakers. Wonderfully, 69% reported that they were inclined to reach out to one or more speakers after their camp experience.
Through our approaches and efforts to build STEM student engagement, we have challenged all parts of the stereotypic "weeding out" process. By using Best Practices to encourage both male and female students, noting that boys simply need "confirmation" to continue strongly in engineering, whereas girls need "confirmation" after "affirmation" and "visualization," the data and experience of our partnership can be considered to be actionable intelligence that others may leverage to the benefit of STEM students nationwide. Ensuring that students and parents can see the pathway to student success by following the STEM pipeline created by Collin College and our partners through the emphasis of math classes early in the middle school and high school experience, the appropriate choice of high school coursework, the taking of Technical Dual Credit classes, and a clear articulation pathway from the two-year institution to the four-year institution is critical to the student following the STEM pipeline as laid out. While there are many measures by which the created STEM pipeline can be viewed, it starts with the student being able to identify early in the process that he or she wants to pursue a STEM career. Whether this is done through engineering nights, science fairs, robotics camps or another means, an early decision is critical. This fact is why our partnership has put a premium on the previously mentioned activities. The parental support of the STEM student's special needs, particularly if the student wants to pursue engineering, is absolutely critical. In our geographic area, there are not enough slots in STEM related camps for the number of students that need these experiences (we counted about 27 camps, averaging 30 slots, each summer for more than 200,000 students desiring the experience). Based on supply and demand, the cost of the camps that are run is high. Therefore, the quality of the camp can be a make or break for the potential STEM student. Realizing this factor, the partnership fully supports Collin College in running the parental lunch discussing STEM pathways and the importance of taking Math early at the end of each camp. While it is possible to take the time to remediate undeveloped math skills, it is time consuming and usually holds an engineering student back by an academic year. This can be financially challenging. Far worse, it can create a situation where a potential student gives up and pursues another field rather than enduring the wait for their math skills to catch-up.
After the student and parent make the decision that the student will successfully pursue a STEM related field in college, the choice of pathway is non-trivial. It is at this juncture that course relevance and articulation becomes important. Having concluded this, our partnership decided very early in the set of priorities to engage Industrial Advisory Boards at the two-year institutions to provide for relevant Associates level coursework and support in the area of middle school and high school industry relevant STEM programs. Another critical priority involves clear articulation to the receiving four-year institution 9, 10 . Again, as a top initial priority for our partnership, the establishment of aligned curriculum, specific articulation by degree program, the teaching of lower division UT Dallas "copy exact" coursework at the two-year institutions and quarterly meetings between advising teams from Collin College and UT Dallas were viewed as critical to a clear STEM pathway for students. We consider achieving this clarity to be a Best Practice due to the fact that both the student and parent must "trust" the pathway in order to engage and follow the pathway. While cost is important, the ability to see the "mainstreaming" Page 26.131.15
of the pipeline pathway is critical in order to develop the "trust" required to follow the pathway. Our partnership has seen this first hand as Collin College's engineering department which was failing seven years ago has been restored from decline and has had substantial growth due to a focus on student and parent confidence (see Figure 9 ). The same new found confidence in the STEM pipeline built by the partnership caused a dramatic increase in the number of students starting at Collin College with the goal of transferring to UT Dallas 11 (see Figure 10 ). As with each phenomenon like this, there are a variety of reasons for these positive results. One of the reasons that has significant traction is cost. Given the low tuition at Collin College, a student can, by taking the first two years of coursework at our institution before transferring to UT Dallas, get an equivalent education paying roughly 60% of the overall total four-year tuition cost. As long as articulation pathways are trusted and clear, students are realizing that this is a very good bargain for all concerned. The trust in the pathways created by our partnership has resulted in a very positive flow of students through the STEM pipeline to Collin College from our partner ISDs and ultimately, to UT Dallas. A recent self-reported study was done in the engineering gateway classes at Collin College. Students in a variety of Calculus classes (Calculus 1 -3, Differential Equations), University Physics 1 and 2, and the Engineering Transfer classes participated. The resulting data showed an increase in students in the engineering transfer course pipeline and, as shown in Figure 11 . Due in part to pipeline clarity, UT Dallas is by far the number one transfer school for engineering students 10, 11 . In order to make the pipeline flow more smoothly, our partnership is learning from survey data and establishing refined techniques to support the exact majors that students are ultimately pursuing at UT Dallas. Currently, at Collin College, we have complete course offerings for the first two years in Electrical Engineering and 80% of Mechanical Engineering. Due to the data shown in Figure 12 , we will be procuring the equipment needed to offer 100% of the needed Mechanical Engineering courses. We believe that this is a Best Practice of our partnership. Given the stature of UT Dallas, other transfer schools in the area will accept many of these courses in transfer for students that intend to transfer to their institution.
In the past, breakdowns in the transfer process have proven to be challenging due to articulation confusion, poor advising and the lack of curriculum alignment through the pipeline. In order to continue to build trust and ensure success in the pipeline approach, a broad-based set of Articulation Agreements were negotiated and signed by UT Dallas and Collin College during the Course Alignment process. These Best Practice Articulation Agreements are revised regularly and "backed-up" for three years to account for students in the pipeline heading towards UT Dallas 11, 12 . Participants in the course alignment process have agreed to enhancements to current Page 26.131.17 Figure 14 , students are able to determine exactly what transfers from Collin College for a specific STEM degree pathway in Engineering and Computer Science at UT Dallas. These matrices have been widely received as an excellent tool for college advisors and students. The ability to clearly see transfer options allows the student to view the 2+2 transfer process as a seamless effort. In order for students to be successful on the Transfer Pathway, students need to be careful not to transfer early 12, 13 . As seen in Figure 13 , proper transfer timing produces equivalence to "Native" university students. These clear articulation pathways and the understanding of transfer timing have provided Collin College with the tools required for Enhanced Intrusive STEM Advising. 
B. Enhanced Intrusive STEM Advising
Enhanced Intrusive STEM Advising, a critical program to the success of the partnership, reaches back into the ISDs through the course alignment effort (i.e. Figure 7 ) and the Technical Dual Credit effort. To date, it has met with great success. While it is difficult to successfully encourage students to enter the STEM pipeline, retaining students that have made the decision to enter the pipeline is critical. As indicated previously, our partnership believes that traditional "weeding out" is the wrong approach. A Best Practice of mitigation of things that happen in a student's life during the eight to ten years that they are in the pipeline attempting to successfully exit into the workforce is a key factor in terms of retention and persistence. Many factors, some of which are beyond the student's control and/or the ISD/college/university's control, can derail a promising student. It is widely reported that less than one in two students that start the pipeline journey complete to receive a STEM degree 14 . Therefore, high school teachers and college/university professors, counselors and college advisors can play a key role in the mitigation process. They play the role of the gate keepers that have the unique ability help students deal with a multitude of problems that arise on the long STEM pathway journey. In addition, through these actions, they have the ability to quickly raise the success percentage directly and relatively quickly 8, 15 .
C. The AAS Pathway
As stated previously, the two-year institution is in a very unique position to impact the STEM pipeline. Not only can it reach back into the high schools, it has two pathways to student success within the institution. The Associate of Applied Science (AAS) two-year terminal degrees can be used to provide a lower level math pathway and allow the student to pursue a more hands-on >50% lab educational workforce environment. Further, financial problems can be mitigated by offering a direct pathway to employment whether a permanent end in itself or an interim pathway while the student attends a four-year institution albeit on a slower path while employed. In our experience, AAS degrees also provide a pathway to the STEM industries as an alternative to quitting and dropping out of the STEM field altogether due to academic problems either with engineering theoretical modelling or with the mathematics that is required to perform that modelling.
An example of the Best Practice of Retention Intervention with a student that has a math weakness is found in the Electrical Engineering transfer pathway to UT Dallas. In order to keep students not strong enough in math for this pathway engaged in STEM, we recommend the twoyear AAS in Electronics Technology. This is an Algebra/Trigonometry based program which uses the same equipment set as the transfer pathway. In that the student can exit the program in two years to become a productive STEM participant in local industry rather than choosing another field of study (e.g. accounting), this pathway is viewed very positively by students and by our industrial partners. Using the above approach, the student is "retained" in the STEM pipeline and even may, at some point, be strong enough to complete a four-year degree in Electrical Engineering.
Finally, there are many STEM students that believe that they want four-year engineering degrees initially, only to realize that they believe that because they enjoy hands-on work in labs. The Cyber Security AAS degree offered by the Collin College Engineering Department is a great example of this type of program (see Figure 15 ). Finding and supporting these types of programs is a Best Practice in order to fill the STEM pipeline with students that may not be strong in math skills, but can contribute to the STEM pipeline through the acquisition of an AAS degree, professional certifications (e.g. A+, Network +, Security +, Cisco CCNA, Cisco CCNP) and hands-on lab skills critically needed by industry. 
D. Purposeful Engagement: Competitions, ISD Outreach and Professional Societies
Our partnership has come to the conclusion that encouraging student engagement creates many positive impacts in terms of student persistence, retention and success at two-year institutions. While hard to measure, the impacts are obvious to the students and professors involved. The two year academic duration of a student at the lower division college necessarily means less engagement as the student is "starting" and, then, looking forward to "finishing." Both of these states ("starting" and "finishing") make it hard for the student to justify the effort to engage the institution. Further complicating matters is the fact that many students that proceed through the two-year institution do so for financial reasons. In many cases, these same financial factors force students to work while in school. If this is the case, students have even more conflict in terms of engagement. Our partnership believes that a Best Practice in this environment involves engagement through two methods. First, students must be recruited during their first year for opportunities such as student internships and tutors during their second year. The identification of promising students is a key function that must be done by engaged faculty in gateway classes. Following these students during their first and second semesters of their first year is essential in order to be able to encourage them and other faculty members to partner for student internships, student assistant positions and student tutor positions during their second year at the institution. Page 26.131.21
Second, students must be intrusively engaged to join in student clubs and organizations in which either they have an academic interest, an avocation interest, or a professional interest. From the professional interest perspective, Collin College has started a section of the Society of Women Engineers (SWE). The SWE chapter has completed its first year very successfully as the only two year college section in the country. The chapter is fulfilling the networking and support needs of our female engineering students in their male dominated major 16 . Further, the SWE chapter is helping the Engineering Department address the concern regarding helping young women persist through co-sponsoring the "Girls Night Out With Female Engineers" events at local high schools as indicated earlier. The SWE chapter has been an instrumental co-sponsor of the "All Girls Mentoring" Robotics Camps. These efforts have been recognized as Best Practices for student engagement and retention.
The Collin College Robotics Club is considered a Best Practice by our partnership on a number of different levels. As noted previously, the Club performs outreach for the department at a variety of robotics camps and competitions. While the students really enjoy these functions, the main reason that the students are excited about the club centers around the opportunity to compete in the annual ASEE Robotics Competition. This involves a design effort over the course of the entire year and culminates in a trip to the ASEE conference city where the Club squares off against 20 to 30 other colleges in a complex competition. Through the mentoring of the Club advisors and a lot of hard work, the team was able to solve the problem posed for the autonomous robot and successfully compete at this past year's ASEE National Meeting in Indianapolis and at the competition the year before in Atlanta. In order to be autonomous, the robots are required to use complex electronic sensor technology and develop a sophisticated computer algorithm to accomplish the required design task. Further, a presentation of the design, a CADD rendering of the design, a project log, an engineering change log and a presentation poster are required as part of the judging process, in addition to the actual "four trial" running of the robot. The reward of this competition at the end of each academic year ensures that throughout the year a nucleus of bright students will be engaged and participate in the critical departmental functions associated with robotics and STEM outreach for the college.
Building Pathways For Business And Industry STEM Pipeline Involvement
At the end of the day, the purpose of STEM education and the STEM pipeline concept is directly related to the needs of local, national, and international business. Increasing the number of students in the STEM pipeline is vital to a growing technology-based country. It is effectively a supply and demand equation with many variables that relate to economic trends, demographic trends, geographic trends and socio-educational trends. While the econometric model of the US economy is prohibitively complicated in terms of the need of STEM students, a number of trends are clear. These trends pose a clear and present danger to the growth of a diverse and highly skilled labor force. Trends that concern business are directly centered on business' ability to do business based on the supply of talent in a particular industrial sector, in a particular geographic area, or in a particular design space. As the average age of the US worker is now 48 years old (and increasing) and as baby boomers retire from STEM fields in significant numbers, for the first time companies are being forced to do succession planning. As these firms look out on the horizon, they see their need for high technology STEM workers increasing (demand). In some states like Massachusetts, the corresponding supply of younger STEM workers is projected to decrease over the next 20 years 17 . Even in states like our state where there are modest increases Page 26.131.22
projected in the STEM workforce as younger workers enter, the increases in supply are not nearly enough to compensate for the projected requirements of local employers.
As businesses analyze their needs for STEM talent and observe the educational process, a few concerns become readily apparent. 1/ The educational system which "weeds out" potential STEM workers must be changed to be a more supportive environment that has high standards, but does not "leak" good technical workers simply for the purpose of "weeding out" those that are not the absolute best. 2/ As the high technology educational process takes 7 to 10 years (from the choice to be an engineer in 10 th grade through a BS (7 years) or an MS (10 years), effectively what is currently in the pipeline for the next 5 years or so is a fixed quantity that is too small to fulfill business requirements in a rebounding economy. 3/ Outsourcing can only go so far in terms of bringing more supply to the market. Numerous high technology firms have been compromised by the intellectual property lost by out-sourcing to foreign countries. Therefore, many of them are re-on-shoring their most critical intellectual design and development activities. This trend requires more STEM workers. 4/ As the decision-making consumer population is now significantly greater than 50% female and the number and purchasing power of consumers from underrepresented populations is increasing, the need for female and other underrepresented populations to participate in the product design process is a key factor moving forward. This need to have a more diverse workforce is driving the requirement to have a more diverse population in the STEM education pipeline 9 . With these factors in mind, employers that have been simply the end of the pipeline now must reach back into the pipeline process and try to guide the educational process towards what they project as their future needs.
As employers try to determine what actions they can take to assist STEM educators in redefining the STEM pipeline and reconceiving how students are educated, employers are now looking for ways to become engaged. Our partnership has identified three Best Practices for engagement that have worked quite well. Our first Best Practice is to believe that it is critical to engage local firms that are potential end-of-pipeline employers specifically and directly through Advisory Board membership. All educational entities (ISDs, high schools, Career and Technology Centers (CTEs), two-year colleges and four-year universities) have Advisory Boards. The partnership has many Advisory Boards across all institutions. As these employers will eventually hire students from the given program, they are significant stakeholders. Our Best Practice is to realize that, as stakeholders, businesses need and want to spend resources to guide curriculum decisions, determine the faculty expertise required to teach a course (possibly a specific industry certification) and guide decisions associated with equipment and the facility used for content delivery. We have found that businesses become so committed to helping programs that they often offer personnel from their technical ranks to become instructors, provide lab equipment for courses, and money to cover equipment expenses that academic institutions need but cannot afford.
Our second industrial Best Practice is to recognize the need to further increase the number of students entering the pipeline in order to satisfy future business requirements in our specific geographic location. Our partnership has found that corporations do not want to be bystanders.
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They have a strong desire to be engaged partners in the education process. Realizing this fact, our partnership has defined engagement of companies and their foundations to be a Best Practice. Specifically, the Collin College Robotics camps have obtained direct corporate scholarships in order to reduce camp fees and make the STEM engagement process described earlier affordable to all potential STEM students. Further, direct corporate foundation support of outreach and scholarships for higher education can be very valuable to institutions needing to attract diverse populations of students. As an example, the Texas Instruments Foundation has given a scholarship endowment to Collin College. The result is a set of six full scholarships for deserving engineering students each year that commit to going ultimately to UT Dallas and, potentially, to work for Texas Instruments after their studies are complete. During their school experience, they are eligible to work at Texas Instruments as interns. Finally, internships of all types are available from businesses. Internships are an effective way for business to identify good future workers without a firm employment commitment to them. Our third industrial Best Practice is to recognize the high value and efficiency created by working with Economic Development Corporations (EDCs). In that the EDCs and Chambers of Commerce desire to increase the numbers of workers in a geographic location and the quality of employee performance in that specific region, they make excellent outreach and strategic partners. Specifically, in our region, our partnership has identified the Metroplex Technology Business Council (MTBC) as a strategic partner in STEM education. The organization represents 300 member companies in a variety of high technology STEM disciplines. The partnership has three members that sit on the MTBC STEM Talent Advisory Board (Lynn Mortenson, Gena Martin, and Dave Galley). Through the work of the STEM Talent Advisory Board, a variety of industrial leaders have engaged 12 participating school districts in a number of outreach activities including STEMFire, a web portal where teachers in the ISDs or professors in higher education can be matched for a given need with industry professionals that want to give back to the community. Many activities can be "matched" such as science fair judging, field trips to plant sites, Advisory Board participation and in-class lectures that augment the skills or curriculum that the educator is trying to convey. Our partnership is right in the middle of the effort to engage all parts of the STEM pipeline with its participation with the MTBC. Recently, the MTBC STEM Education Summit was hosted by Collin College. The 12 engaged school districts (including our three partner ISDs) participated as did the two higher education institutions in the partnership. These entities discussed their many needs and concerns with the numerous businesses that attended. Expectedly, the businesses welcomed the opportunity to meet educators and understand ways that partnerships could be developed and alliances formed. The more than 100 participants were very engaged with the agenda and with each other. As shown in Figure 16 , the agenda topics were centered on engagement between industry and educators.
As one recognizes the importance of building pathways for business and industry involvement throughout the STEM pipeline that result in relevant curriculum that meets the ultimate needs of the local workforce, one must realize that engaging the employers as the final stakeholders is crucial to the success of the STEM students seeking employment. Further, engaging business through the proven Best Practices of the partnership allows employers to participate in the Figure 16 -MTBC STEM Summit Survey Results production and development of the types of talent that will be required in the next one or two decades by their companies. Creating a business and education strategic partnership builds winwin situations which ultimately bring synergy and leverage to the STEM pipeline that do not exist without the recognition that the partnership is critical for our students and our metropolitan areas.
Conclusions
In order to re-establish the manufacturing and technology base of the United States, we need "One Million Additional STEM College Graduates" over the next decade 2 . In this paper, we have described our partnership and have discussed a number of Best Practices throughout the STEM pipeline that we have discovered/invented/adopted with excellent results to date. Ultimately, the strength of our pipeline is a tremendous synergistic benefit for our students, our partner ISDs, higher education professionals and the industrial base that we serve in our geographic area. The strength of the pipeline is derived from the trust that all involved have placed on the need to cooperate, clear hurdles from pathways, provide clear explanations of the articulated pathways to students/parents and work to the greater good in terms of the best interests of our students. Recognizing that hurdles can come from academics, financial problems, and life situations, our partnership strives to support and retain students in the STEM pipeline Page 26.131.25
rather than "weed them out." As relayed earlier, it was recommended by the President's Council of Advisors on Science and Technology (PCAST) in their 2012 report 2 , the fastest way to generate graduates and attain our goal is through different methods of teaching, supporting and retaining students. The variety of Best Practices disseminated in our paper are intended to create food for thoughtful discussion in education circles, inspire industry stakeholders to help us as actively as possible, and place the focus of our national STEM education discussion on the inspiration of our students to enter the STEM pipeline knowing that they can be successful and, ultimately, help each and every one of them be successful.
